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ABSTRACT
Background and Objectives: New technology has al-
lowed us to perform major abdominal and pelvic surgeries
with increasingly smaller instruments. The ultimate goal is
surgery with no visible scars. Until current technical lim-
itations are overcome, minilaparoscopy-assisted natural
orifice surgery (MANOS) provides a solution. The aim of
this study was to examine our clinical and experimental
experience with MANOS.
Method: Minilaparoscopic abdominal instruments were
used together with a large vaginal port, which was used
for insufflation, visual purposes, introduction of operative
instruments, and specimen extraction. Minilaparoscopy-
assisted intraperitoneal transgastric appendectomy was
done in simulators (Lap trainer with SimuVision, Simulab
Corp., Seattle, WA).
Results: Since 1998, we have used this technique in 100
cases including ovarian cystectomies, oophorectomies,
salpingo-oophorectomies, myomectomies, appendecto-
mies, and cholecystectomies. Some oophorectomies were
performed after vaginal hysterectomy in cases where vag-
inal extraction was not possible. In this case series, we had
only one complication, a case of postoperative fever after
an ovarian cystectomy, which was diagnosed as drug-
related fever. Our limited simulator experience showed
that MANOS is a feasible technique for performing trans-
gastric appendectomies.
Conclusion: It may take several years for natural orifice
surgery to become standard care. Meanwhile, MANOS
could encourage and expedite this process.
Key Words: Natural orifice surgery, Minilaparoscopy,
Culdolaparoscopy, Culdoscopy.
INTRODUCTION
The field of minimally invasive surgery has evolved tre-
mendously in recent years; thus, minilaparoscopy has, in
many cases, replaced conventional laparoscopy. Smaller
abdominal ports not only offer cosmetic advantages but
also have important clinical implications.1 New technolo-
gies promise to lead us to an era of even less-invasive
procedures. Natural orifice transluminal endoscopic sur-
gery (NOTES) is a novel concept that involves a port of
entry through a natural orifice to the peritoneal cavity to
perform diagnostic and therapeutic surgical interven-
tions.2,3 Natural orifice surgery might be superior to lapa-
roscopic surgery in reducing postoperative abdominal
wall pain, wound infection, hernia formation, and adhe-
sions.4 Recently, several reports have demonstrated the
technical feasibility of the per-oral transgastric2 and
transcolonic approaches.5 Current endoscopes and instru-
ments, however, are too flexible and insufficient to pro-
vide robust grasping and anatomic retraction. Until tech-
nical improvements become available, use of current
instruments combined with minilaparoscopy could over-
come these limitations.
The use of the vaginal route for endoscopic procedures is
not new. In 1901, Dr. Ott described ventroscopy,6 some
years later, Klaften presented colpolaparoscopy,7 and
Decker and Cherry reported culdoscopy.8 Culdoscopy
was the preferred endoscopic method used by gynecolo-
gists for many years. Although abandoned in favor of
laparoscopy, in recent years we have witnessed a resur-
gence of vaginal endoscopic techniques. In 1998, we
introduced culdolaparoscopy, which entails the use of
minilaparoscopy to assist natural orifice surgery.9,10 With
this technique, the posterior vaginal fornix is used for the
insertion of the larger, 10-mm or 12-mm port, which
serves visual function similar to culdoscopy and is used
for introduction of operative instruments and extraction of
specimens.
The aim of this study was 2-fold: to examine our clinical
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SCIENTIFIC PAPERexperience with culdolaparoscopy, a technique that com-
bines operative culdoscopy (a natural orifice surgery)
with minilaparoscopy; and to examine the feasibility of




The study population included female patients with be-
nign surgical conditions. Before surgery, all patients un-
derwent bimanual pelvic examination. If the pouch of
Douglas was obliterated, the patient was not considered a
candidate for culdolaparoscopy. All women had antibiotic
prophylaxis with metronidazole and cephalosporins. In
select cases, bowel preparation was performed.
Operating Room Assembly
The operating room was assembled following the stan-
dards for gynecological laparoscopic surgery, the only
difference being the position of the monitors: one of them
was placed cephalad, by the patient’s right shoulder and
the other by the patient’s left foot. This disposition of the
monitors was essential to allow proper visualization
throughout the surgery, especially when the surgeon was
operating from the vaginal port. Both monitors were mov-
able and had an articulated arm, facilitating the view when
the surgeon changed positions (Figure 1).
All procedures were performed with the patient under
general anesthesia with endotracheal intubation. Patients
were placed in a semi-dorsolithotomy position. We uti-
lized Allen-Type telescopic stirrups and Venodyne boots.
The vagina was cleaned with 10% povidone iodine, and a
pelvic examination was carried out to confirm that no
obstruction was present of the posterior cul-de-sac. A
Foley catheter was placed, and a uterine manipulator
(ZUMI-4.5, Circon Cabot, Racine, WI) inserted. A weighed
vaginal speculum was used to allow proper exposure of
the posterior fornix. Pneumoperitoneum was induced
with a Veress needle inserted in the infraumbilical area.
The minilaparoscope was introduced in most cases
through a 3-mm infraumbilical port with 2 additional
3-mm ports.
The posterior cul-de-sac was visualized with the minilapa-
roscope. A plastic rod that was 10 mm in diameter and 46
cm in length (PortSaver, ConMed, Utica, NY) was
mounted inside an insufflating cannula of 12 mm in di-
ameter and 15 cm in length. The plastic rod and the
cannula were placed against the posterior fornix. The
weighed speculum was removed and the uterine manip-
ulator, together with the rod, was pushed upward and
anterior. It is important that the point of pressure made by
the rod is in the center of the cul-de-sac and clearly
identifiable with the minilaparoscope. When necessary,
the bowel was pushed aside with a probe. A small incision
was done via minilaparoscopy at the tip of the pressure
point to aid the penetration of the rod and the cannula.
Under minilaparoscopic surveillance, the trocar was in-
serted into the cul-de-sac with gentle, steady pressure
(Figure 2). At this time, the insufflation line was attached
to the vaginal port. The patients’ thighs were brought to
the horizontal position while keeping the knees flexed.
Culdolaparoscopy was then performed with 3-mm-ab-
dominal instruments, and a large vaginal port. The func-
tion of the ports changed depending on the nature or
stage of the procedure. The vaginal port was used for
placement of instruments larger than 3 mm, such as en-
doscopic gastric anastomosis clamp, clip applier, grasper,
morcellator (Figure 3), and for specimen extraction (Fig-
Figure 1. Schematic depiction of culdolaparoscopy. L and R:
patient’s feet; UMB: umbilicus; V: vagina; POS 1-POS 2: sur-
geon’s positions; TV: monitors’ location; black star: umbilical
port; thin arrows: lower abdominal quadrant ports; thick arrow:
vaginal port.
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via the vaginal port.
Gynecological Procedures
Ovarian cystectomies, oophorectomies or salpingo-oo-
phorectomies were done with minilaparoscopy elements
via the abdominal ports.10,11 The vaginal port was used for
insufflation, became the operative port for 5-mm to
12-mm instruments, including gastrointestinal anastomo-
sis clamp, 5-mm bipolar coagulator, and 5-mm scissors.
Specimen extraction was always done vaginally, either
directly or within an endobag.
Myomas were enucleated by using established laparo-
scopic techniques.10 The vaginal port was utilized to in-
troduce a 10-mm plastic rod to help in the exposure of the
myomas, since 3-mm instruments were not powerful
enough for traction and exposure of large myomas. After
enucleation, a 10-mm laparoscopic tenaculum was placed
transvaginally. Myomas oblong in shape up to 8 cm in
diameter were grasped with the tenaculum and pulled
through a colpotomy. For larger myomas, a motorized
morcellator was used transvaginally. The incision of the
posterior cul-de-sac was then closed with a 2–0 chromic
suture placed endoscopically or vaginally.
Appendectomies
The base of the appendix was identified, and the mesoap-
pendix isolated and cut with the aid of monopolar scis-
sors. At this point, the surgeon positioned himself be-
tween the patient’s legs and looked at the monitor
positioned by the patient’s right shoulder. The laparo-
scope remained in the umbilical port or was changed to a
left lower quadrant port according to the surgeon’s con-
venience. The ETS endoscopic linear cutter (Ethicon
Endo-Surgery Inc., Cincinnati, OH) 12 mm in diameter
with a cut length of 35mm was introduced through the
vaginal port. The base of the appendix was placed on the
opened cutter with the aid of 2 graspers; the stapler was
closed around it and fired. The mesoappendix was stapled
and transected. Once the appendix was amputated, the
cutter was withdrawn and an endoscopic bag was intro-
Figure 3. The vaginal port is used for introduction of large
operative instruments.
Figure 4. Specimen extraction via the vaginal port. The adnexa
is placed into an endoscopic bag and removed vaginally.
Figure 2. Introduction of the vaginal port. A plastic rod mounted
inside an insufflating cannula is inserted into the cul-de-sac
under minilaparoscopic surveillance.
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placed into the bag and the trocar, together with the
endoscopic bag containing the specimen, was pulled out
through the vagina. Pneumoperitoneum was restored via
an abdominal port if necessary. The vaginal trocar was
reintroduced and irrigation and suction were carried out
through it. The incision in the posterior fornix was closed
with an absorbable suture placed vaginally.
The vaginal port was used as the operative port for instru-
ments that were 5 mm to 12 mm, including 5-mm laparo-
scopic scissors, 5-mm suction-irrigation probe, 10-mm en-
doscopic bag, and the 12-mm endocutter. The abdominal
ports were utilized to introduce the minilaparoscope, scis-
sors, graspers, and dissectors.1
Culdolaparoscopy During Vaginal Hysterectomy
We used this approach to perform simultaneous cholecys-
tectomies and difficult oophorectomies. The sleeve of a
trocar was secured with a purse-string type suture. The
vagina was packed with soaked gauze. The insufflation
was done via the vaginal port until pneumoperitoneum
was achieved. Then a 10-mm diameter 30-degree angle
laparoscope was placed vaginally for visualization. The
abdominal ports were then placed under culdoscopic sur-
veillance. Oophorectomy was performed by applying bi-
polar coagulation and cutting to the mesovarium with
5-mm laparoscopic scissors introduced through the vagi-
nal port. When necessary, 3-mm forceps and scissors were
inserted through the abdominal trocars. The ovaries were
extracted through the vaginal port utilizing a 5-mm
grasper, and hemostasis was secured. The abdominal
ports were removed under culdoscopic surveillance, and
finally the vaginal cannula was extracted. The closure of
the vaginal port was done vaginally.12
For cholecystectomy, the hilum was dissected. Calot’s
triangle and supra-Calot’s triangle were clearly identified.
The clip applier was introduced through the umbilical
port. The cystic duct and the cystic artery were transected,
and the gallbladder was dissected off the gallbladder bed
with the hook cautery. When the specimen was extracted,
a 5-mm scope was introduced through an abdominal port,
and the specimen was removed through the vaginal port
by using an endobag. Extraction was accomplished by
removing the vaginal packing, releasing the purse-string
suture and finally, extracting the trocar and the gallblad-
der.13 Alternatively, the procedure was done by limiting
the size of the abdominal trocars to 3mm and introducing
the clip applier via the vaginal port.
Experimental Work
Our transgastric peritoneoscopy experience was limited to
simulators. We used a laparoscopic trainer (Lap trainer
with SimuVision, Simulab Corp., Seattle, WA; www.simu-
lab.com) and a simulated esophagus and stomach (Lapa-
roscopic Nissen fundoplication model, Simulab Corp., Se-
attle, WA; www.simulab.com). We also used a nasogastric
(NG) tube and a gastroscope. Condoms were used to
simulate endobags, and gummy worms to simulate the
appendix. A condom tied at its rim was secured with a
long 0 Prolene suture at the end of the NG tube. The
condom was loaded at the end on the NG tube. Vaseline
ointment was used to aid in the introduction into the
stomach via the esophagus.
A minilaparoscope was placed through the umbilical port,
together with 2 additional minilaparoscopy ports. An in-
cision was done in the stomach with minilaparoscopic
scissors. A grasper was used to retrieve the condom from
the stomach. With the condom inside the simulated ab-
dominal cavity, the specimen was loaded in the bag. With
the aid of 2 graspers, and by pulling the NG tube, the
specimen was extracted transgastrically. In other experi-
ments, we used a gastroscope to place and remove the
condom with a simulated specimen by grasping at the rim
of the condom and followed the maneuvers described
before for the NG tube. The closure of the gastric incision
was done minilaparoscopically using a straight needle and
a 3-mm endoscopic needle blocker (Endoscopic curved
needle driver, Cook Ob/Gyn, Spencer, IN). The universal
tying technique was used for suturing.14 Alternatively, a
conventional minilaparoscopic needle holder was used
for contralateral or ipsilateral tying. In some experiments,
a long straight needle was placed directly via the abdom-
inal wall.15
RESULTS
We performed 100 minilaparoscopy-assisted natural ori-
fice surgeries including 55 oophorectomies and salpingo-
oophorectomies, 2 ovarian cystectomies, 27 myomecto-
mies, 3 appendectomies. In addition, 13 procedures were
performed during vaginal hysterectomy: 10 oophorecto-
mies and 3 cholecystectomies. In one case, a lesion in
segment 5 of the liver was observed; a liver biopsy was
carried out by introducing a biopsy forceps via the right
lower quadrant port. Pathological examination showed a
fibrous subcapsular nodule.
We encountered only one complication; one patient who
underwent an ovarian cystectomy developed a drug-re-
JSLS (2007)11:24–29 27lated fever that improved after discontinuation of the an-
tibiotics. No patients developed an infection. Follow-up
visits up to 2 months after surgery revealed no complica-
tions.
Our laboratory experiments with the peroral transgastric
approach in simulators demonstrated the feasibility of
MANOS in performing appendectomies.
DISCUSSION
Nowadays, major surgical procedures are being per-
formed laparoscopically with increasingly smaller instru-
ments. Small ports and instruments have many advantages
over large ones, such as anesthesia requirements,16 less
postoperative discomfort,17 decreased risk of adhesion
formation,18 and reduced risk of incisional hernias.19,20
However, some technical limitations may be encountered
with small ports, particularly when rapid insufflation,
forceful irrigation or extraction of large specimens is re-
quired. Culdolaparoscopy, a minilaparoscopy-assisted
natural orifice surgery, offers the advantages of minilapa-
roscopy while allowing optimal insufflation, irrigation,
extraction of large operative specimens, and the utiliza-
tion of large-diameter instruments.
Major concerns following the use of the vaginal route are
the risk of pelvic infection, trauma to adjacent structures,
dyspareunia, and cul-de-sac adhesion.10,21 In our 7-year
experience with culdolaparoscopy, we have not seen any
of these complications. This is in agreement with previous
reports demonstrating an extremely low incidence of
complications with colpotomy22 and culdoscopy.23 It
should be noted that with culdolaparoscopy the vaginal
trocar is inserted under laparoscopic surveillance. This
approach virtually eliminates the complications attributed
to culdoscopy, where instruments are blindly inserted.
Nevertheless, in addition to insertion of the trocar under
laparoscopic view, a meticulous endoscopic technique is
essential. The trocar should not be introduced or forced
into the cul-de-sac unless the protruding point is unques-
tionable under laparoscopic view. The insertion should be
done precisely in the midline of the posterior fornix.24
The evolution of flexible endoscopes and endoscopic
devices has recently enabled per-oral transgastric and
transenteric abdominal procedures in animal models. This
approach to the peritoneal cavity has potential for a wide
array of diagnostic and therapeutic procedures. So far,
several interventions have been successfully accom-
plished in animals, such as liver biopsy,2 oophorectomy
and partial hysterectomy,25 cholecystectomy,5,26 and tubal
ligation.27 Some technical limitations, though, have
emerged with the use of this approach. Current endo-
scopes are too flexible, do not provide strong grasping
and retraction, and they may not properly reach remote
structures. In addition, multi-channel scopes are needed
to allow the use of several instruments and to provide
traction/countertraction. In view of this, we developed
MANOS and successfully applied it in simulators. Our
study suggests the technical feasibility of performing ap-
pendectomies with the MANOS approach in humans.
A major issue needs to be addressed with natural orifice
surgery. This approach requires the creation of a perfora-
tion, yet considered a major complication of endoscopy
with significant morbidity and mortality. Although animal
models have had good evolution and gained weight in
experimental work,2,5,25–27 safe and simple devices for
gastrotomy and intestinal closure must be ensured before
MANOS and NOTES are applied in clinical practice.
CONCLUSION
Culdolaparoscopy is a feasible, simple, safe technique that
avoids additional and larger abdominal ports, potentially
decreasing the morbidity associated with conventional
operative laparoscopy while overcoming the limitations of
minilaparoscopy. This approach enabled us to perform
gynecological and nongynecological procedures utilizing
abdominal ports no larger than 3 mm or 5 mm.
The progress in flexible technology will eventually enable
us to perform major abdominal and pelvic procedures
without any visible scarring. Meanwhile, MANOS may
facilitate the transition into this new era of endoscopic
surgery.
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